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Abstract. It is generally believed that students should mséiple representations in solving certain phygicoblems. In
this study, we interview expert and novice physicas they solve two types of multiple represeotatiproblems: those in
which multiple representations are provided formheand those in which the students must constrbeir town
representations. We analyze in detail the typegpfesentations subjects use and the order andemanwhich they are
used. Somewhat surprisingly, both experts andaesvinake significant use of multiple representatioBome differences
emerge: Expert use of multiple representations @sentdense in time, and novices tend to move betweeravailable
representations more often. In addition, we findttan examination of multiple representation Useeis inadequate to
fully characterize a problem-solving episode; onasmalso consider the purpose behind the use ofatlslable
representations.

INTRODUCTION there be differences imhy experts and novices use
representations. Without a clear picture of hoywests

PER has a long history of research into problem and novices differ in their approaches to multiple-
solving, especially as it pertains to physics nesi¢see  representation problem solving, it will be difficuio
Maloney or Hsif for reviews). Much of this research Properly bridge the expert/novice gap with instioret _
has investigated novice (and sometimes expert)ofise In our study, we begin to address these issues in
representations during  problem-solving  episodes. detail. We interview ten introductory physics stoth
“Representations” is used broadly, and can refer toand five graduate students, providing novice anukex
whether the problem solver is representing surfaceSamples. In these interviews, the subjects sokariaty
features of a problem or the deeper phydfcghe term  Of problems using muitiple representations in theaa
can also refer to the use of multiple representatio Of kinematics and electrostatics. We then perfam
together, such as pictures, free-body diagrams, andine-grained analysis of these interviews, with gl
equations. Note that in this paper, we will use titrm of characterizing the major differences and siritikss
“representations” to refer to representations opepaas  Petween the two samples in terms of success, fregue
opposed to mental representations. Much of thé&cwor ~ @nd sequence of representation use, and purposed®w
multiple representation use during problem solvirag ~ Which these representations are applied. _
focused on how to promote this use during We present two main results in this paper. First, a
instruction®®”®  Some prior work exists in PER on ©ne would expect, the experts solve their probléms
multiple-representations problem solving at thelescd less time, often using the same set of representais
single problem&1° For instance, Larkin and Simtn  novices butin a shorter time. Surprisingly, hoamethe
find that expert representations tend to focus on novices interviewed do not show the reluctances® a
“physical” features such as energy, while novices a Variety of representations that one might expéetieed,
more likely to attend to surface features (suckrape).  their solutions were often more complex in terms of
Outside of PER, Kozm& has compared chemistry number of translations between representationsorigec
experts in the workplace to novices engaged inawad ~ experts differ quite noticeably from novices regagd
tasks. their applications of representations, with moreetid

A few significant questions remain regarding the analysis and self-checking, and less weakly-dicscte
differences between expert and novice use ofunplanned work. These results together allow us to
representations during physics problem solving. tile ~ begin to paint a picture of what distinguishes aic®
major differences lie in the kinds and frequencids  from an expert in terms of representation use caups
representation use, or do they lie in the pattend likely to have consequences for instruction.
sequences of representation use? We might alsecexp
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FIGURE 1. Four different representations of the motion] A car starts in motion and undergoes
of a car. The car problems studied required stisdn | constant acceleration in the —x direction.
group these representations together as appropriate

production of a free-body diagram as part of thewar,
METHODS while all five (especially the fifth, or challengeoblem)
were made easier by drawing a picture and/or an.FBD

. Five of ourl |nter\|/|ewed UOV'?S were Ifrolr]nmg];J S The challenge problem involved calculating the iems
Irst-semester large-lecture introductory alge in strings holding two charged, attracting balls.

physics course from the fa".Of 200.5’ which we reie The experts solved all of the problems given to the
as Physics 201. The Othef five novices were dm" 201 and 202 novices, as well as one problem desite
the second semester of this course in the sprir&po6, be challenging. The expert problem is the pulley
Physics 202 (a course we have described previjusly problem used by Larkin in Ref. 3. We will reserve
Our five expert problem-solvers were physics gréelua analysis of this pulley problem for a long-formatper.
students, usually in the first year or two of th@iogram. All of the problems are located on the wéb.

Interviews tl)D/IplcaIIy lla_sted_ abou_t an houra ¢ All interviews were coded in two main ways. First,
Qur problem-soiving interviews l_Jse two _types O we coded representation use as a function of tiie

multiple - representations problems: - those in~ which g iqeq the interview episode into ten-second béoakd

students were provided with a variety of repredeoria, noted which of the available representations (péstu

and those in which students had to generate addltio Fpng \vritten language, math, movies, position beap
representations on their own. Students from PBy20d velocity graphs) students made use of or referende

solved problems of the first type. In these, _whimb each block. It was possible for more than one
refer to as 'ghe car problem_s, students were g|.e(mcs‘ representation to be present in each block of time.
representations of thg motion of a car. This ideth a Second, the parts of the interviews corresponding t
set Of. graphs of_posmon Versus time, a set OP@?"’U“ the solutions of the five electrostatics problemsrav
velocity versus time, a set of Flash animationsidiey coded in an additional way. Here, we coded for the

a moving carlrﬁnd adset of written desc(glptlons;?f kinds of activities students engaged in, including
moving car. e students were Instructed to maxe a reading, translation, analysis, exploration, plagni

many groups as possible of members from the Variousimplementation, and verification. We adapted the

sets; that is, they were told to select positioapgs, activity categories and rubric from Schoenféldyith
velocity graphs, animations, and written descripgithat input from the authors and a member of the CU PER

af:l corresr;londedbto on$ anor':her. Thelé’ \t/)vere alglb_ to group unrelated to the project. We performed mater
that not all members of each set would be usedlin a reliability checks for all of the codings in thiager.

ghroupfs, antlj that it was possiblehto find groupisﬁeufer . We also defined a complexity parameter describing
than four elements. Figure 1 shows a sample gnoupi each of the coded solutions. Briefly, this paramet

of two graphs, a written description of motion, aad reflects the number of translations between

screenshot from a flash movie. representations made by a subject during a problem-

'tl;lhe 202 n_ow;e.;; 85(1\(|Edf Lhe five blelectrostatlcs solving episode. For instance, a solution that fiegiith
problems seen In Ret. o. of these problems a written description, moves on to a picture, theree-

numerically calculating either a force or a charge, bodv di d finall th . d b
usually with Coulomb’s law. One explicitly requir¢he ody diagram, and finally mathematics, wou €



TABLE 1. (right) Performance of expert and novice students on

the car problems, electrostat{&il-4), and the challenge problem. Car E1| B2 E3 E4] Challende
Car problem figures show the average number otctincorrect | Expert | 7.6/0 | 4/1 4/1 5/p 5/Q 5/0
representation groups created. Electrostatics dgjushow the | Novice | 5.0/1.00 3/3 3/2 1/4 0/5 1/4
number of students solving each problem correaitpiirectly.

Comp, E| Comp, N| Dens,E Dens, N
TABLE 2. (right) Measures of the representational compyex l(élf;rclt:’r(it_);. 7522 67: 2416 f;
(Comp) of student solutions and of the time densitytheir : : : : :
translations between representations (Dens, ttémsta per Elect. 4 6.0 103 2.7 2.3
minute), averaged across experts (E) and novicds (Migher | Challenge 11.8 15.8 2.4 15
Comp numbers represent more translations between

representations during a solution.

assigned a complexity of 3 representing the thhiftss
in representation. Should the student returngceaious

In Figure 2, we consider the purposes towards which
the individuals applied the representations thegdus

representation, that shift would increase the codedHere, we focus on the electrostatics problems irchivh

complexity. A small number indicates a simple, éne
sequence of representations used, while a largabeu
represents a more complex and iterative approach.

DATA

students had to generate their own problem
representations. The graphs show the fraction ef th
codeable time intervals occupied by each of thiviies
listed. The biggest differences between expertd an
novices appear in the Reading, Analysis, and
Exploration categories. Experts spend a greasetifm

There are many options available for characterizing Of their time reading the problem, though we baivis

the solutions studied here. In this paper, we $omn a
small subset of these options for brevity.

In Table 1, we see expert and novice performance onOVices. (
As is expected, the experts@ti€mpt to more fully understand the problem. Asial

the problems studied.
outperformed the novices on all problems, though th

to be an artifact of their generally shorter saattimes.
More significant is the time spent in Exploration the
Analysis represents a directed, systemati

generally is explicitly goal-oriented, trying tayfire out

novices are at least partly successful on all butSOMe specific aspect of the problem. Reasoning doe

electrostatics problem 4.

have to be correct to be coded as analysis. Exiibor

In Table 2, we characterize the patterns of represents less focused behavior, where the student

representation use present in student solutions twib
parameters. The “Comp” columns display the
complexity parameter, averaged over all expertsahd
novices for the car problems, electrostatics probklé-3,
electrostatics problem 4, and the electrostaticdlemge

searching for options or trying things out withtlét
direction or expectation of moving forward. It is
generally not clear what they expect to find thiotigeir
efforts. On average, the experts spent 43% of the
on Analysis and 1% of their time on Exploration,ileh

problem. The novices show a tendency (not absplute the novices spent 25% of their time on Analysisd an

towards more complex solutions, in the sense tiay t
move back and forth between representations moea of
(if not as quickly) over the course of their sobus.

In the “Dens” columns of Table 2, we see the averag

number of translations between representations per

minute made by experts and novices over the caafrse
their solutions.

Experts appear to be consistently

16% of their time on Exploration. Note that the
difference between Analysis and Exploration was th
major focus of interrater reliability checks.

DISCUSSION AND CONCLUSION

In this paper, we presented example data describing

moving more quickly between the representations the differences between expert and novice problem

available. Data on the number of representatisesl in
total (not shown) suggests that both expert andceov
problems solvers were using a wide variety of
representations, both in the car problems in whiis
was required and in the electrostatics problemsreviie
was not. Most novices and experts used at lepistiare
and equations in all electrostatic problem soligjcend
some used free-body diagrams as well.

solvers when handling multiple representations.m&o
of our results were expected: Experts were more
successful in solving problems that required the of
multiple representations, finished faster, and ndove
more quickly between the representations available.
However, we were surprised to find that these revic
problem-solvers were just as likely to use multiple
representations extensively in their solutioridovice
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FIGURE 2. Average fraction of solution time spent in vasomsays by experts and novices. Error bars reptéserstandard error
of the mean.
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